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1.0 INTRODUCTION

This document contains and describes the results of a research effort relating to the
development of an Amphibious Cargo Beaching (ACB) Lighter.  This research has been
performed under Contract N47408-95-C-0202, sponsored by the Naval Facilities
Engineering Service Center (NFESC).

The ACB system concept is based on an attempt to enhance the operability of over the
shore cargo operations.  At present this mission is met with the Navy's Lighter Causeway
System (NL).  Elements of the NL system, which is a mature design, do not allow safe
operations in sea conditions beyond Sea State 2.  Also, the configuration of the present NL
lighterage requires them to be limited to transport on the deck or hatch cover of a ship or
side loaded on an LST class ship.  The LST is being phased out, and stacking of lighterage
on the deck of cargo ships limits the number of units that can be carried.  The concept for
the ACB system, which is proposed to replace the NL system, stems from two underlying
premises:

• extending the window of operations into Sea State 3 conditions will significantly improve
the usefulness of the system,

• providing a transportation configuration that is based on ISO container modularity will
greatly increase the options for transport.

The scope of effort for this Phase I of the development of the ACB system has focused on
providing information and engineering sufficient to generate a description of the system
modules to a "Concept Design" level.  The baseline for the concept development has been
a general description of a system provided by  NFESC of an ISO compatible configuration.
This baseline effectively provided limits on dimensions, weight, and on certain operational
characteristics.

The effort presented in this report covers three major sub-phases of work.  The first was a
Technology Review which involved a review of the state-of-the-art with an aim of identifying
new and emerging technologies in modular platforms which might have application for the
ACB.

The second sub-phase was a Platform Requirements Review which focused on developing
a full understanding of the requirements placed on the ACB system by various mission
operations.  The objective was to provide a set of general limitations or criteria to guide the
design process.

The last sub-phase involved the design work itself and included reviewing options for
module forms, analysis of module response and operational performance, initial definition of
structural requirements, and identification of module outfit requirements.
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2.0 TECHNOLOGY REVIEW

As the first set of tasks within the ACB development process, the Technology Review was
intended to provide a review of the state-of-the-art of modular platform technology.  The
objective of this review was to identify new and emerging technologies that may be of
interest and/or might find applicability in the ACB development.

The review process focused on undertaking searches to identify sources of potentially
relevant information and following up on positive responses.  The search efforts extended
to commercial sources, academic sources, and research facilities.  Additionally technical
literature searches were undertaken using technical periodicals, the in-house technical
library , and the local academic library as well as part of the follow-up process where
specific research, felt to be relevant, was identified.

Table 2.1 shows the search parameters for the review process, describing contacts as well
as the general success of the requests.

The Modular Platform Technology Matrix given in Table 2.2 provides a listing of technology
that has been identified in the review.  In addition to the name and basic description the
technology/system this also gives a description of the information available and/or the
applicability to the ACB.  Copies of technical information generated from the review are
provided in Appendix A. Also in the appendix is a listing of specific references that may be
of general interest.

In general, the data developed during this review  are either already well known to NFESC
or beyond the scope of the ACB Lighter development.  Examples of the latter type include
the research into large scale floating mat systems such as floating airports as well as semi-
submersible floating bridges.  Of the technology/systems reported in the Technology
Matrix,  the most important, from the standpoint of potentially effecting the ACB
development process, relate to systems designed to attenuate the motions of floating
systems.  Several of the sources give excellent information on passive systems that could
be easily fitted on any floating system and that are intended to increase the system's
damping characteristics.  These include the use of simple attachments such as perforated
plates or meshes, as found on floating breakwaters and dock systems, as well as the fitting
of passive roll stabilization tanks.

Some of the general information for several of the systems reported were of use in making
comparisons with design results for the ACB modules.  This is particularly true of structural
arrangements and scantlings, of which information was made available from several
diverse sources.

Other interesting results were derived from systems that suggest alternatives for the
hullform concept for the modules, such as those of commercial dock systems.
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TABLE 2.1
TECHNOLOGY REVIEW SEARCH PARAMETERS

Name Contact Results

Finlay Navigation Recieved data on BABINE CHARGER
BMT Test tank UK Bob Holland Reference to Mississippi Dredger for Army

Corps of Engineers.  8 free-to-pivot self
aligning barge units.  No data found

SSPA Test Tank Sweden Eric Bjarne no response
DMI Test Tank Denmark Fred Pucill Reference to floating tunnel.  No details.
MARIN Test Tank Holland Gerard Feikema Reference to Hood Canal Floating Bridge

Seattle.  No data found
Hydronautics US Rod Barr No Response
Marintek Test Tank Norway Kjell Holden No Response
Kværner Concrete Constructors Peter Johnson No Response

Radisson Design - Floating docks General data received
Miklos Kossa Naval Architect Reference to Green Bay pontoons,

FLEXIFLOAT, RENDRAG , Neil Lampson
pontoons

Atkins UK Rod Rainey No Response
IMD Test Tank Newfoundland Don Spencer Reference to NRC Hydraulics Lab Ottawa

University of British Columbia Dr. Sander Calisal No Response
BC Research Test Tank Gerry Stensgaard Reference to Hood Canal Bridge
Memorial University Newfoundland
(MUN)

Neil Bose Reference to research in semi-submersible
bridges.  General description received

MUN Don Bass Reference to research in passive ballast
stabilization tanks.  Research paper
provided

MUN Manmoud Haddara Reference to Dr. Webster Berkely.
NRC Hydraulics Laboratory Ottawa Wayne Jamieson Reference to research on floating

breakwaters, and floating ferry terminal for
Marine Atlantic.

Berkely Dr. Webster Reference to research on floating airports.
Reference to Hydroelasticity Conference,
Trondheim.

Marine Atlantic David Lewis Floating Dock Bar Harbour Maine.  General
data received

Trondheim University Odd Faltinsen Hydroelasticity Conference.  Papers of
floating airports, wave forces on floating
structures.  Proceedings received

Neil Lampson Inc. Neil Lampson General data received
Naiad Marine Make fin type stabilizers. Not applicable
Flume Stabilization Systems Frank Sellers General data on application of passive

tanks to barge forms
Green Bay Structural Steel Gerald Ravet General data received



TABLE 2.2
MODULAR PLATFORM TECHNOLOGY MATRIX

System Basic Description Level of Information/ Applicability

BABINE CHARGER Articulated Truck Ferry - Northern British Columbia.
Self propelled ferry carrying heavy logging trucks.
Two modules, 110 ft by 64 ft by 9.5 ft, connected
together with 5 permanent hinges.

Full technical description along with some operational
information.  Documentation in appendix.

Modular Barge System -
Green Bay Structural Steel
Inc.

Rectangular steel pontoons connected with through
bolting.  Used on inland dredging projects.  4, 6 and
8 ft deep sections; 30 40 and 50 ft lengths, 10 ft
width.

General brochure provided.  General data on structural
scantlings provided. Documentation in Appendix

Radisson Design Commercial Dock System.  Steel and timber frame,
plastic buoyancy units

Brochure provided in appendix.

MEXEFLOTE Modular Pontoon System with 20 ft by 8 ft by 4.75 ft
modules.  Similar to existing NL and MCS systems.
Used by UK and Canada in logistics operations.

Already known to NFESC

FLEXIFLOAT Modular Pontoon System.  Basis for Army MCS
system.  Produced by Robishaw and now
Lakeshore.

Already known to NFESC

RENDRAG Pontoon System Modular pontoon system with a double pin
connecting system

Already known to NFESC

TIECO floating breakwater Floating breakwater system with cylindrical steel
buoyance tubes and a flat panel deck.

Technical paper relating to system damping characteristics using
perforated plate. Copy of paper in appendix.

Bourgon Lafleur floating
breakwater

Floating breakwater system, rectangular form. Technical paper relating to system damping characteristics using
expanded mesh.

Bar Harbour Maine floating
ferry dock

Floating ferry terminal platform.  Five 10 ft diameter
tanks 80 ft long.  Steel grating type deck.

Technical paper relating system damping research using
perforated plates.   Damping system not implemented.  General
discussion of system and copy of papers in appendix.

Floating Airport Systems Large scale mat type floating system Research effort relating to analysis of motions of a floating mat.
Copies of papers in appendix.

Semi-submersible Floating
Bridge Systems

Concept for a bridge design based on a semi-
submersible support system to take advantage of
superior motions.

Copies of sketches outlining concept in appendix.

Passive Tank Stabilizers Application of free surface type tanks designed to be
tuned to specific motions to attenuate response.

Research paper on tank stabilizers and data from Flume
commercial system in appendix.

Modular Barge System - Neil
Lampson Inc.

10 ft x 50 ft modular barge sections  connected with
through bolting.  Used on inland heavy
transportation and construction projects.

General data included in appendix.
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3.0 PLATFORM REQUIREMENTS REVIEW

3.1 General

The second set of tasks for the ACB development was a Platform Requirements Review.
This was intended to review aspects of the ACB system mission in an effort to establish
criteria and/or general limitations for the conceptual level design of the modules.  The
results of the review is a set of loosely formatted general design specifications that provide
an envelope within which the ACB modules are to be configured and further developed.

Several sources of information have been used to define basic mission requirements
and/or limitations on the design.  These include:

• information relating to the general philosophy of the ACB system provided by NFESC,
• reference documents provided by NFESC and/or identified during the contract.  These

are cited where applicable and listed is Section 6 of the document,
• data obtained by the contractor as part Technology Review as identified in Section 2.

The identified Platform Design Requirements and the bases under which they have been
developed are provided in the following sections.

3.2 Transportation Configuration

The requirements of the ACB, from a standpoint of Transportation Configuration, result
from interfaces that need to be met between the modules and the various ships that will or
might transport them to the area where they will be deployed.

The following is an initial list of vessels that can transport the ACB modules:

• Auxiliary Crane Ships (T-ACS),
• standard ISO containerships,
• Maritime Prepositioning Force (MPF) vessels,
• LASH ships,
• SEABEE ships,
• Large Medium Speed RO/RO (LMSR) or Strategic Sealift (T-AKR) Ships.

The basic interface requirements have only been defined for the transport of ACB modules
for the T-ACS and container ship scenarios.  Limitations or needs of the modules for
transport on the other listed ship types have been developed based on a general
understanding of the methods of stowage and how these may be expected to impact on the
module design.

The concept  for transport onboard T-ACS or container ships requires that the modules be
placed in standard container cells in a manner similar to that used for stowage of the
Navy's SEASHED system.  It is assumed that all the specifics of the stowage operations of
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the SEASHED will also apply to the ACB modules.  Stowage in this manner requires the
following of the ACB modules:  25 foot maximum beam, notches on the ends of the
modules to interfaces with the container cell guides.

For transport on MPF and RO/RO vessels, the modules would be stacked on deck
potentially making use of container deck fitting grids.  In the event that container grids are
used the module breadth needs to be limited to 24 feet to ensure that a reasonable
container loading pattern is not disrupted.

Stowage on LASH or SEABEE ships will require that the modules be carried in the well
deck in a stacked configuration.

Transport on ships other than T-ACS or container ships may require that lashing fittings be
provided to tie the modules down to the deck of the ship.

All stowage/transport options require that the lowest stacked module be able to withstand a
stacking load of modules on top of it.  It is assumed that at most 4 modules will be stacked
on top of another module.

3.3 Deployment Requirements

3.3.1  Deployment from T-ACS or ISO Container Ships

Deployment from T-ACS and ISO containerships will be by means of standard cranes and
40-foot-container spreaders.  The use of these places a limitation on the weight of
individual modules of 30 LT (67,200 pounds) which is equivalent to a loaded 40 foot
container.

The general requirement for deployment using T-ACS ships is to be able to place  a 40 foot
module in the water on the port side using the T-ACS cranes (see reference [1]).  The
cranes have a rated capacity of 30 LT at 121 foot outreach and can retrieve a load from
any cell of the T-ACS or from any cell in a container ship moored to starboard.  Whether
deploying from container cells onboard the T-ACS or using the cranes to deploy from a
standard PANAMAX container ship,  a 40 foot module can be placed in the water anywhere
along the port side of the T-ACS while maintaining 10 foot clearance from the ships side.
This is illustrated in Figure 3.1 which shows the load range covered by the two T-ACS
cranes.  Therefore deployment using the T-ACS ships places no additional limitations on
the ACB module design.

3.3.2  Deployment from MPF, RO/RO or Sealift Ships

It is assumed that these vessels will be fitted with class standard single pedestal twin
cranes on the centerline.  These have a rated capacities of 35 LT at 130 foot radius and



FIGURE 3.1
ACB MODULE DEPLOYMENT WITH T-ACS SHIP
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55 LT at 95 foot radius (see reference [2]).  Therefore these will place no limitation on the
module weight.  The 130 foot radius will allow deployment of the modules to either side of
the vessel.

3.3.3  Deployment Times

From the standpoint of the ACB design, very little can be modified that would greatly effect
the time required to unload, connect and assemble the modules.  The physical size and
proportions of the module has been defined based on transportation and operational
requirements.  The connection systems design can and will have an impact on the time to
deploy.  However this is outside the scope of this study.

The two areas that could influence deployment effort and times are module weights and
module motions.  In theory if some pre-assembly can be accomplished on the deck of the
transport ship then the overall deployment time can be reduced.  Pre-assembly would
require significant reductions in weight.  The following are some scenarios:

• limit module weight so that a 2x40 foot module assembly weighs less than 55 LT which
would allow some pre-assembly on the deck of a sealift ship equipped with a class
standard sealift crane,

• limit module weight so that a 2x40 foot module assembly weight less that 30 LT which
would allow pre-assembly on T-ACS or container ships,

• limit module weight so that a 3x40 foot module assembly weighs less than 55 LT which
would allow complete pre-assembly of barge units on the deck of a MPF or Sealift ship.

The feasibility of module weight limitations of these magnitudes will be quickly defined once
a first estimate of the modules structure has been made.

Module motions are discussed briefly in Section 3.5.

3.4 Cargo Throughput Operations

3.4.1  Cargo Types and Loading

Reference documentation has been used to develop a list of typical cargoes to be carried
by the ACB system.  Sources for these include:

• contract kickoff meeting,
• Pontoon System Manual [3],
• T-ACS 4 Class Mission Operations Handbook [1],
• ACB Feasibility Design [4],
• Circular of Requirements for the Design of Strategic Sealift Ships [2].
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The cargo types can be roughly divided into three types:  containerized, wheeled vehicles,
and tracked vehicles.  Table 3.1 gives a summary of the characteristics of these cargoes
as developed from the reference information including  dimensions, weights and footprint
loading.

Figures 3.2, 3.3, and 3.4 give sketches of typical loading configurations for the defined
cargoes based primarily on cargo dimension limitations, i.e., how many of each type of
cargo can be physically placed on a 120 barge assembly with reasonable clearances.
Other arrangements are possible, however, without significant reduction in the assumed
loading clearances, none are likely to result in a greater load than those shown.

From the Figures it can be seen that the maximum container load would be 175 LT based
on carrying 14 - 20 foot containers at an average (nominal) weight of 12.5 LT.  This nominal
container unit weight is used based on the assumption that the majority of cargo containers
are not likely to weigh in at the maximum ISO gross weight.  This is supported by
information contained in the Circular of Requirements for MPF(E) vessels [5] which uses a
nominal design weight for a 20 foot container of 12 LT to determine vessel maximum cargo
deadweight.  It is assumed that if cargo consists of 20 foot containers at the maximum
weight of 20 LT, then  fewer in number will be carried.  The maximum cargo load overall
would be carrying 3 - M1A1 tanks with a total load of 187.5 LT (assuming a weight of an
M1A1 tank of 140,000 pounds).  Based on this and to allow some margin, a maximum
cargo load of 200 LT should be used for performance and stability analyses.

3.4.2  Cargo Operations Interfaces

The ACB Lighter system will replace the existing NL system and will, therefore, be required
to provide the same general roles.  These include:

• Lighter/Causeway Ferry,

- 2 or 3 -120  foot barges linked together and with a powered unit to form a powered 
lighter or ferry,

- barge or barge trains operating under tow;

• Causeway,

- a string of several 120 foot barges anchored in position perpendicular to the beach,
- it is assumed that the LST-type interface will not be required;

• RO/RO Discharge Facility,

- 72 ft x 160 ft rigid floating platform made up of 3 wide by 4 long - 40 ft modules , 
moored to a RO/RO ship,
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TABLE 3.1
CARGO TYPES

Cargo Size Weight Wheel Loading

Containerized

ISO 20 foot Container 20ft x 8 ft 20 LT  (max)
12.5 LT  (nominal)

ISO 40 foot Container 40ft x 8 ft 30 LT  (max)

Wheeled Vehicles

Light Cargo Trucks nominal 24 ft x 8 ft 10.7 LT 9"x9" 4 k
  M1008
  M35A2C

Medium Cargo Trucks nominal 37 ft x 8.5 ft 26 LT 22"x11" 7.9 k
  M927A1
  M977

Heavy Cargo Trucks nominal 58 ft x 8.5 ft 64 LT 10"x10" 8 k
  M911+M747
  M916 + M871

Tracked Vehicles

M1A1 Tank nominal 26 ft x 12 ft 62.5 LT 25"x180" 70 k
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FIGURE 3.2
TYPICAL CARGO LOADING ON 120 FT ASSEMBLY - SHT 1
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FIGURE 3.3
TYPICAL CARGO LOADING ON 120 FT ASSEMBLY - SHT 2
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FIGURE 3.4
TYPICAL CARGO LOADING ON 120 FT ASSEMBLY - SHT 3
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It is assumed that the Elevated Causeway Facility (ELCAS) requirements will be met by a
system other than the ACB.

The mission roles listed above will require the following interfaces:

• mooring between ACB and cargo ship, ELCAS, other lighters, and other ACB
assemblies,

• anchoring,
• interface with the beach,
• interface with RO/RO ramp

- existing NL system uses dunnage under ramp foot
- it is assumed that the same will be applied to the ACB system operations
- therefore, no specific requirement will be placed on the ACB module.

The interface requirements for the majority of these will be met by providing fittings on the
module (see section 3.8) .  The beach interface will require a specialized module with a
beaching end folding section.

3.5 Hull Shape and Configuration

The hull shape and general configuration of the modules can be influenced or have
dependence on several aspects of the systems operations.  The general shape and overall
basic dimensions for the modules and assembled barges have been defined as part of the
original ACB concept under development.  The concept and resulting basic configuration
for the modules is based on the following premises:

• compatibility with standard ISO container modularity,
• method of transport in a manner similar to Navy SEASHEDS aboard T-ACS and ISO

container ships,
• increased freeboard to ensure Sea State 3 operability,
• consistency with the basic requirements of the existing NL system.

From these premises the following choices of parameters were made and provided as
baselines for the ACB development:

• 40 foot module length limit to suit 40 foot ISO container modularity,
• 25 foot maximum beam to suit SEASHED type transport scenario.  This was

subsequently revised to a 24 foot maximum beam to ensure compatibility with transport
on the container grid of flat deck ships so equipped,

• 8 foot depth to provide increased freeboard and to suit ISO modularity,
• assembled barges of 120 foot length (3x40' modules) to be approximately consistent

with the size of existing system assembled pontoons.
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The resulting basic system consists of 24 x 40 x 8 foot modules to be rigidly connected in
groups of three to form 120 x 24 x 8 foot barges which are then flexibly connected to form
lighters, causeways, and platforms.

3.5.1  Module Identically Requirement

In principal the provision of identical modules could add to the versatility of the system.
Also the general concept described above does not necessarily indicate a need for non-
identical modules.  However,  the general philosophy of how the modules are to be
interconnected, i.e. a rigid connection between 40 foot modules within a barge and a
flexible connection between 120 foot barges,  imposes some requirements on the module
end shapes.  The rigid connection between modules implies an advantage in a full depth
square end shape to better transmit bending forces.  The flexible connection between
barges implies  a raked end shape to ensure full freedom of motion for the articulation.
Based on this, the modules will not be identical.

3.5.2  Resistance Dependence

Reference information for the lighterage operations indicates that the normal speed of
operation in a powered mode (as a lighter barge or causeway ferry) is 6 knots.  As well
there is a potential need to increase this to 8 knots.  Based on a review of barge form
resistance data sheets [6], the following points about resistance characteristics of ACB
barge forms can be stated:

• 6 knots for a 120 foot barge relates to a Froude number (V/sqrt(g*L)) of 0.16;
• at this Froude number, in general, the resistance curve gradient is shallow;
• the form drag or residuary resistance coefficient gradient is nearly flat;
• between hullform variations that include more or less of a transition at the waterline

(bow form) and more or less shape to the hull section, the magnitude of the residuary
resistance coefficient  changes little;

• the presence of a raked bow and stern can significantly reduce the overall resistance;
• variations within the smoothness of the transition within the raked bow and stern can

effect the resistance values.

The results indicate that there is little relative resistance dependence of the module
hullform.  The exception is that a raked profile should be provided bow and stern.  Also
should resistance characteristics become more significant, such as if an increased
operational speed is to be considered, then a modification to the bow and stern profiles,
through providing a smoother transition and eliminating the knuckle, should be examined.

3.5.3  Stability Dependence

Intact stability is a measure of the resistance of the hullform to capsize under operational
loading conditions with the hull in an intact (not flooded) condition.  Intact stability is a
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function of the shape and size of the waterplane, the buoyancy distribution, and the location
of the center of gravity of the hull and load.  The intact stability characteristics can therefore
depend on the hull form.

Barge forms, with their large waterplanes relative to their draft, have inherently large initial
stability characteristics but sometimes with limited range.  Also, deck barges, which the
ACB can be considered, can sometimes experience large increases in the vertical position
of the overall center of gravity as a result of large sized cargo loads.  On this basis loading
conditions can be limited by the need to maintain adequate stability.

No specific criteria or limitations on stability characteristics have been identified.  As a
measure of the relative characteristics and therefore the relative safety of the system the
ACB stability will be compared against the standards contained in CFR 46 174 [7] for deck
cargo barges.  This standard requires that the barge have a minimum amount of righting
energy stated in terms of an area under the righting arm curve.

Damage stability is a measure of the resistance of the hullform to capsize in a flooded
condition, i.e. damage causing flooding of one or more of the hull watertight compartments.
Based on the reference information, the likelihood of flooding type damage occurring during
lighterage operations is high.  Therefore, the hullform will need to be compartmentalized to
the extent necessary to maintain adequate stability after damage.

Criteria for damage stability are normally related to:  the extent of damage that needs to be
considered, limitations on the equilibrium heel angle after damage,  avoidance of deck edge
immersion, and maintenance of positive stability and stability range.   For the ACB
modules, with a high likelihood of damage, particularly to the ends and the sides, it is
concluded that damage occurring at a watertight compartment boundary could cause
flooding of two adjacent compartments.  The ACB should be designed based on
withstanding the flooding of two adjacent compartments with limited transverse extent of
damage.

No criteria or limitations for damage stability standard are specified.  Based on typical
damage criteria the following criteria will be used to define the relative damage stability
characteristics for the ACB:

• equilibrium heel angle after damage limited to 15 degrees based on maintaining security
of the cargo;

• no deck edge immersion;
• positive range of stability of at least 15 degrees.

Both intact and damage stability are to be analyzed for a single 120 x 24 foot barge, since
this will be the worst case.



Kvaerner Masa Marine Inc.

ACB Lighter Development
CLIN 0001AC Final Report                                            17                                                  

3.5.4  Motions Characteristics

The motions (seakeeping) characteristics of the ACB modules and assembled barges are
of critical importance to the operability of the system particularly in higher sea states.  The
hull form and changes to it can have significant impact on these characteristics.

No specific motion limitations have been defined other than that overall motions of the
modules and barges should be minimized.  The ACB design, therefore, will need to be
developed from a standpoint of allowing incorporation of features that may reduce motions
wherever possible.

3.5.5  Hydrostatics and Displacement

An underlying premise of the concept is to provide increased freeboard to allow operations
in higher sea states.   It is assumed that an acceptable minimum freeboard for the ACB
system would be in the range of 3 feet.  This is based on the assumption that the freeboard
of the existing NL lighters, which is approximately 3 feet, provides an acceptable height
above the waterlevel to handle larger waves.  Using the 8 foot depth guideline for the ACB
system modules, 3 feet freeboard relates to five feet draft.  If it is assumed that the
maximum practical load that a 120 barge unit will be required to carry is 200 LT, and that
each of the modules weighs in at the maximum of 30 LT, then the total displacement for the
barge will be in the order of 290 LT.  The minimum block coefficient allowable to provide a 3
foot minimum freeboard (5 foot draft) is then:

CBmin =    volume    =   (35)(290)    =  0.70
L B T         (120)(24)(5)

A block coefficient of less than this will not allow 3 feet freeboard at maximum load.    This
limit can be used in evaluation of potential hullforms.  It should be noted that 3 feet
freeboard is only used as a guide to evaluate changes to the hullform and is not based on
an analysis of any criteria relating to water on deck or other seakeeping characteristic.

3.5.6  Connection/Assembly System Dependence

Based on the general information about the probable form and operation of the rigid and
flexible connection systems, there does not appear to be any aspects of the hullform that
would effect, either enhance or degrade, the connection/assembly processes.  The
qualification to this statement is that for the implied hull form end shapes given in Section
3.5.1, i.e. full depth square ends for the rigid connection and raked ends for the flexible
connections.

The flexible connection system will also require a minimum depth of vertical structure at the
end of the end module.  From the descriptions of this system in reference [8], it is assumed
that 2 feet will be sufficient.
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3.6 Structure

3.6.1  Structural Arrangement

From the standpoint of the structural arrangement, the modules will be designed based on
typical barge construction practices and design methods.  The arrangement  could consist
of stiffened panels supported by a frame system, corrugated panels supported by a frame
system, or a combination of these.  The choice of the system to use and the arrangement
will be based on the relative weight advantage compared against any additional complexity
in construction.  Typical barge construction arrangements, consisting of a system of
watertight bulkheads, heavy frames supporting beams and stiffeners which in-turn support
the deck and shell, is designed for application on structures where the primary support is
provided by uniform hydrostatic pressure.  Such a design methodology will provide the
most efficient structure possible and result in modules that have more than adequate
strength and stiffness.

3.6.2  Design Criteria

The ACB system will in effect operate as deck cargo barges or barge trains.  No specific
regulatory requirements have been stated as being required.  As a basis for development of
scantlings the following methodology will be used:

• Use ABS Rules for river service [9] and  ABS Rules for Steel Barges [10] to define initial
scantlings including specific wheel loads for deck plate and supporting structure.  These
are empirically based and derived from what has been determined to be adequate
structure for existing in-service vessels under a wide range of loading conditions,

• Check these scantlings and define stress levels under specific loading defined for ACB
operations and including both local and global effects,

• Include the effects of dynamic load factors, sufficient to allow for SS3 conditions.

3.6.3  Loading

From the reviewed reference documentation the following load types and magnitudes need
to be considered:

• Cargo Loads,

RTCH, 75,000 pound wheel load,
Cargo Trucks, up to 16,000 wheel load,
M1A1 Tank, 140,000 total load;

• Hydrostatic Loads;
• Hydrodynamic Loads, if slamming is determined to be of concern;
• Lifting Loads;
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• Stowage Loads for Modules onboard a transport ship.

The governing load for the deck plate will be wheeled cargo tire patch loads.  These are the
largest local load identified.  For design,  the plate thickness and stiffener spacing will be
determined from the "Heavy Cargo Truck" wheel load and patch, as given in the Sealift
COR [2], using the ABS Rules wheel load design approach assuming the application of a
dynamic factor and considering the deck as a "strength" deck.  The resulting panel will then
be checked against the higher RTCH wheel load to estimate the amount of permanent set
to be expected.  This approach is felt to be appropriate since the RTCH is only an
occasional load and since it is assumed that a small amount of permanent set is
acceptable.

Deck supporting structure will be designed to carry the RTCH load using direct calculation
methods and an allowable bending stress of 67% of yield.  Other structure designed using
direct calculation methods will use 67% of yield as an allowable stress level.

Other structural members will be sized to the scantling requirements of ABS Rules based
on 120 foot barge dimensions.  Areas of the structure will then be check for stress levels
under specific loading conditions and configurations including of stability of the structure
against buckling collapse.

The hull girder strength will be reviewed relative to moments derived in previous
hydrodynamic analyses as well as against static loading conditions in still water and on a
wave.  Scantlings will be revised to suit global stress limits, if required.

3.6.4  Materials

The requirements for potential materials to be used on the ACB structure are:

• durability,
• maintainability,
• availability.

Materials to be considered include:

• steel
- Mild (ordinary strength) steel marine grade 34 ksi yield
- High strength steel marine grade H36 51 ksi yield
- HY80/HY100 steels 80/100 ksi yield

The use of high strength steel is relatively common in ship building in specialized
applications.  Availability should not be a problem and workmanship requirements and
skill levels are not stringent.  High strength steel is to be considered for the ACB
structure in areas of high stresses if a weight advantage can be realized.
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The higher strength steels, HY80 and HY100 (MIL-S-16216), are used in marine
applications primarily in surface combatants in areas of the hull where very high
stresses may occur.  These steels, in addition to providing high yield characteristics,
provide superior fracture toughness.  The use of these steels for the ACB would impose
a relatively high cost penalty since they are not as common and require specialized
fabrication skills.  These steels may provide a weight advantage due to their high
strength.   However their use should only be considered together with their negative
impact on the eventual unit cost.

• aluminum
- availability is high
- requires some degree of specialized skill and knowledge to work with
- not as durable as steel
- susceptible to fatigue

The use of aluminum should not be considered.

• composites

- composites in marine use have so far been limited to GRP/FPR laminate hulls, 
sandwich panels for deckhouses (references [11] and [12]), and joiner work,

- use in heavy load bearing applications is not proven.

It is concluded that the use of composites is not warranted.

• other materials

Plastic materials could find use in self contained buoyancy compartments similar to
modular floating dock technology.  Wood could find use in load spreading, sacrificial
deck sheathing applications.  The use of other material in these types of non load
bearing applications should not be precluded.

3.7 Propulsion

Propulsion for the ACB will be with an ISO powered module using 360 degree rotatable
waterjets (see reference [13]).  The development of this module is outside the scope of the
ACB module research effort.

3.8 Hull and Deck Outfit

Interface requirements for the ACB have been identified in previous sections.  Those
interfaces that will impact on the level of hull and deck outfit that is required to be provided
include:
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• Transportation Configuration

- interface to container ship/T-ACS container cell guides,
- interface with typical container deck fittings on a RO/RO or other flat deck ships for 

transportation,
- interface for securing ACB modules to deck of ship not equipped with container deck

fittings,

• Deployment

- interface with standard ISO 40 foot container spreader for lifting on T-ACS and 
container ships,

- interface for lifting on ships not equipped with container spreaders,

• Cargo Operations

- interfaces for mooring the ACB barges or lighters to:  cargo ship, ELCAS facility, 
Warping Tug, other lighter,

- interfaces for anchoring operations when used as a causeway,
- cargo interfaces (tie downs)

Cargo operations and module stacking configuration will require that any fittings provided to
meet these interfaces be low profile flush type.  Based on these requirements, the following
type of fittings will be provided:

• ISO Container Fittings

- 4 - ISO container corner fittings to be provided on the top of each module, nominally 
4 feet off centerline to port and starboard, between the end notches for the container 
cell guides,

- ISO container fittings to be provided on the bottom of each module in the same 
general position as the top fittings.  Two fittings for the end modules, 4 for the central
modules,

- fittings to be arranged to match the tolerances given in ISO standards [14].

• Heavy 'D' Ring Lifting Lugs

- 4 recessed type heavy 'D'ring type lifting lugs are to be provided symmetrically
placed on the top of each module in way of significant supporting structure (bulkhead
or girder), to be used in connecting lifting bridles and slings for ships not equipped
with container spreaders.  Lug to be sized to carry the maximum light weight of the
module with lifting dynamics considered.

- alternately detachable padeyes can be provided that can be bolted to the deck of the
modules when required for lifting operations.
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• Securing Fittings

- recessed securing fittings are to be provided along the sides and possibly the ends
of the modules for use in lashing to the decks of ships not equipped with container
deck fittings or to provide additional support when stacked,

- alternately detachable securing padeyes can be provided.

• Mooring Fittings

- up to five  mooring fittings are to be provided along the port and starboard sides of a 
120 foot assemble barge.  One arrangement could be to provide one each port and 
starboard on the end modules and three each port and starboard on the central 
module.

- fittings could be either detachable bits/cleats or recessed bits/cleats.

• Anchoring Fittings

- up to three of the provided mooring fittings should be designed to be used in 
anchoring operations as well.

• Cargo Tie downs

- a tie down grid should be provided that will allow stowage of cargoes basically in any
orientation or location,

- an example grid could consist of two rows of cloverleaf type fittings along each edge 
of the modules, spaced 6 feet apart longitudinally and 3 feet transversely, with a row 
of  'D' rings between the cloverleafs.

Other fittings that will be required relate to non-operational or transport requirements
including:

• Access

For inspection and maintenance purposes, each watertight compartment in the modules
will require to be fitted with bolted access panels or flush-type manholes.  These should
be located  near to the boundary of the compartment adjacent to a watertight bulkhead
and in line with vertical ladders or ladder rungs.

• Machinery Connections

There may be a requirement for connection fittings to be provided for mechanical
systems.  The requirements for systems are not defined but may include water ballast,
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fuel storage etc.  Any such fittings should be provided in recessed pockets in the deck
with removable covers.

• Connections System Related Fittings

The connection systems (rigid and flexible) are currently under development and details
are not available.  Reservations in space and weight should be incorporated into the
ACB design.  Types of fittings that may be required include:

- through deck fitting for passing marriage lines,
- mounting plates for portable winches or bits,
- access panels for installation and maintenance of connection system units,
- hydraulic fittings.



Kvaerner Masa Marine Inc.

ACB Lighter Development
CLIN 0001AC Final Report                                            24                                                  

4.0 DESIGN DEVELOPMENT

4.1 Hydrodynamics Comparison of Hullform Variations

4.1.1   General

As discussed in Section 2, the Technology Review identified several potential measures
that would tend to reduce the module motions.  The measures identified included a
variation to the hullform in a catamaran form, and the use of fixed passive damping
systems.  The objective of this part of the research effort was to quantify the effects on the
overall module motions of a catamaran form, as well as selected passive damping system
that included: attached perforated plates, an integral open truss, and a free surface type
stabilization tank.  The analyses of these options were developed using numerical motion
prediction software for the hull form variations and empirical information to quantify the
effects of the damping systems.  Figure 4.1 shows the basic geometry of the hullforms and
other options analyzed.

4.1.2   Methodology

The basis of the hydrodynamic calculations is a 3D radiation/diffraction program called
AQWA-LINE.  AQWA-LINE is a bureau standard code capable of modeling any stationary
floating hull form subjected to wave actions using potential flow theory.  The code provides
the complete hydrodynamic properties such as added mass, wave (radiation) damping,
excitations, hydrostatic stiffness as well as Response Amplitude Operators (RAO's) for six
degree-of-freedom motions of the vessel.  The excitation functions include Froude-Krylov
forces, diffraction forces as well as second-order steady wave drift forces.  In the present
application, all of the above parameters are calculated for a range of wave frequencies and
four relative wave directions.

The two hullforms modeled in AQWA-Line are based on a rigid barge hull form in the
monohull as well as in the catamaran hull configurations.  All models developed were for
the hullforms in the unloaded light condition.   Three lengths of each hull form were
modeled, 40, 80, and 120 feet, representing one, two, and three modules rigidly connected
end-to-end, with displacements of 30, 60, and 90 LT, respectively.  One additional case of
two 120 foot hulls of the monohull form rigidly connected side-to-side was also analyzed.
The hull surface is described by a finite element mesh with a pulsating "source" located on
each element.   The hull surfaces were modeled using approximately 600 diffracting and
non-diffracting quadrilateral plate elements.  The raked ends of the 80 and 120 foot
configurations were not modeled as it was felt that these would have only minor effects on
pitch and heave motions.  With this simplification, the two hulls types both have longitudinal
as well as transverse symmetries, which reduced the modeling efforts.  Figures 4.2  and
4.3 depict typical hull geometry models for the two types of hull forms.  The accuracy of the
models were verified by examining the geometry and separate hand calculations of the
hydrostatic properties.
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FIGURE 4.1
MODULE VARIATIONS ANALYZED



FIGURE 4.2
TYPICAL MONOHULL GEOMETRY MODEL
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FIGURE 4.3
TYPICAL CATAMARAN GEOMETRY MODEL
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Motions of the monohull and catamaran concepts have been computed in two sea states,
one representing a nominal sea condition (SS 2.5) and the other an extreme condition (SS
5).  The nominal SS 2.5 condition was chosen to facilitate comparisons and benchmarking
of the results with previous numerical results (Garrison [15]).  The relative motion effects
between the hull form variations can be considered applicable to SS 3 conditions as well.
The wave parameters used for these two conditions are as follows:

Sea State Sig. Wave Height Modal Period

2.5   3.0 ft 5 s
5 10.0 ft 9.1 s

The Bretschneider two-parameter spectral formulation for fully developed seas was used to
represent the above sea states.  It is assumed that the waves are unidirectional and
longcrested, which is a conservative assumption for motion calculations.  All calculations
have been carried out for a water depth of 50 feet, although motion responses are not
expected to be sensitive to the water depth.

The perforated plate arrangement designed for attenuating the wave-induced motions was
modeled as appendages that modified the hydrodynamic added mass and damping
especially in the roll and sway motions. The background for this approach is a research
program at the National Research Council of Canada, Hydraulics Lab, relating to the use of
perforated plates to add damping to floating bodies [16].  The attached plates  were
modeled with 40% perforations, the size of the individual holes not being relevant. The
empirical data on the motions damping characteristics of these plates are not explicitly
documented and observed oscillation decay tests were used to estimate the damping factor
for an arrangement in which two plates were attached to the module/s.  This was primarily
aimed at providing additional damping in the roll mode so that roll motions can be
significantly reduced.   Damping due to the appendages were modeled as non-linear
functions of velocity, equivalent linearizations of which were used to determine the modified
motion RAO's.

An open truss structure on the catamaran hullform was modeled as consisting of small
diameter members for which the forces can be defined using Morison's formula (see
reference [17]) for cylinders which comprise drag and inertia terms with constant
coefficients.  It is assumed that the tubular elements are not effected by the diffracted and
radiated flow fields so that AQWA-LINE modeling is not required.  These tubular members
contribute locally to damping primarily in heave and pitch, the net effect obtained by adding
the forces on each element.   The damping is, once again, nonlinear which is modeled by
equivalent linearization techniques.  An inertia coefficient of 1.0 and a drag coefficient of 1.2
have been used in the analysis.

A simple rectangular free surface tank was investigated to demonstrate the reduction in roll
motion that can be achieved using an open passive tank.  The 40 foot monohull form was
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modeled to include additional displacement due to the water in the tank.  The magnitude
and phase of the roll stabilizing moment due to the tank was determined using published
semi-empirical data [18].  This is followed by re-calculation of the roll RAO after
incorporating the stabilizing moment into the uncoupled roll equation of motion.  The
modified RAO is used to calculate the response in irregular seas.   The analysis takes into
account the reduction of GM due to the liquid free surface in the tank, which is not
considered serious as the barge is relatively "stiff" in roll.  The calculations have been
carried out for one height of water level in the tank only.  The water in the tank for the
configuration analyzed amounted to about 20% of the displacement.

4.1.3   Results

As a bench mark for the calculations, a 2 module barge hull form was modeled using the
hull parameters taken from Garrisons report [15].  Motion RAO's calculated for six relative
wave directions were subjected  to the irregular wave spectra defined above and the single
significant response amplitudes were computed.  The results were plotted against the wave
direction as in [15] and are shown in Figures 4.4 a and b.  The comparison shows that, in
general, the motions compare well.  It must be noted that some difference is expected as
the spectral formulations are not the same, but the wave height and modal period are the
same so that the distribution of the wave energy over the range of frequencies is the same.

Tables 4.1 through 4.6 summarize the results of the motion comparisons for the options
and configurations analyzed in both nominal and extreme sea states.  The same data is
presented in graphical form in Appendix B.  The numbers in the tables represent single
significant amplitudes of all six modes of motions for four relative wave directions.
Comparisons between monohull and catamaran forms can easily be made between the left
and right sides of the tables.  It can be seen that there is very little difference in motions
between the hull forms for all three barge lengths in both sea states.

Typical variation of motions with wave height can be seen by examining the tables of
motions for the single 40 ft module, Tables 4.1 and 4.2.  The increase in amplitude of
motions is less a linear increase with wave height.  Surge, sway, and heave modes
increase in amplitude by as much as 100%, independent of wave direction, between the
two wave heights.  Pitch and roll modes increase by 50% and 60% in head and beam seas
respectively.  Similar variations are observed with all three hull lengths.

Comparisons of motions between the 40 and 80 ft hulls show that surge and sway motions
decrease by 10% to 30% while heave motions decrease by 40% in head seas and only 2%
in beam seas.   A 50% reduction in pitch response is indicated while no significant roll
reduction is seen in beam seas.  The latter result is expected as the 80 ft hull and the 40 ft
hull have the same beam and draft.
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FIGURE 4.4
BENCHMARK WITH GARRISON’S RESULTS
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TABLE 4.1
MOTION PREDICTION OF 40’ MODULES
SEA STATE 2.5
Significant Wave Height = 3 ft
Modal Period = 5 s

MONOHULL TWIN HULL
Wave Heading 0° 30° 60° 90° 0° 30° 60° 90°

Motion
Surge, ft 0.34 0.20 0.09 0.00 0.34 0.21 0.09 0.00
Sway, ft 0.00 0.15 0.41 0.82 0.00 0.16 0.42 0.81
Heave, ft 1.02 1.07 1.20 1.27 1.03 1.08 1.17 1.24
Pitch, deg 4.66 4.25 2.69 0.00 4.98 4.41 2.70 0.00
Roll, deg 0.00 2.05 5.13 7.53 0.00 2.02 5.10 7.48
Yaw, deg 0.00 0.91 1.80 0.00 0.00 0.90 1.70 0.00

ATTACHED PERFORATED PLATE WITH 40% HOLES
   MONOHULL

Wave Heading 0° 30° 60° 90°
Roll Motion, deg
2 ft Plates 0.00 1.61 2.73 3.19
4 ft Plates 0.00 1.56 2.61 3.05

WITH 6” DIA. TRUSS - STRUCTURE BETWEEN HULLS
        TWIN HULL

Wave Heading 0° 30° 60° 90°
Motion
Heave, ft 0.98 1.00 1.15 1.20
Pitch, deg 4.51 4.31 2.53 0.00

WITH PASSIVE ROLL TANK
MONOHULL

Wave Heading 90°
Motion
Roll, deg 5.41
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TABLE 4.2
MOTION PREDICTION OF 40’ MODULES
SEA STATE 5
Significant Wave Height = 10.0 ft
Modal Period = 9.1 s

MONOHULL TWIN HULL
Wave Heading 0° 30° 60° 90° 0° 30° 60° 90°

Motion
Surge, ft 0.73 0.42 0.18 0.00 0.71 0.40 0.17 0.00
Sway, ft 0.00 0.32 0.86 1.59 0.00 0.32 0.84 0.00
Heave, ft 2.19 2.25 2.40 2.47 2.21 2.26 2.37 2.43
Pitch, deg 7.10 6.33 3.87 0.00 7.40 6.51 3.88 0.00
Roll, deg 0.00 3.27 7.13 9.73 0.00 3.22 7.07 9.64
Yaw, deg 0.00 1.90 3.49 0.00 0.00 1.70 3.39 0.00

ATTACHED PERFORATED PLATE WITH 40% HOLES
   MONOHULL

Wave Heading 0° 30° 60° 90°
Roll Motion, deg
2 ft Plates 0.00 2.83 4.74 5.47
4 ft Plates 0.00 2.77 4.58 5.27

WITH 6” DIA. TRUSS - STRUCTURE BETWEEN HULLS
        TWIN HULL

Wave Heading 0° 30° 60° 90°
Motion
Heave, ft 2.18 2.20 2.24 2.34
Pitch, deg 6.90 6.11 3.62 0.00
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TABLE 4.3
MOTION PREDICTION OF 80’ MODULES
SEA STATE 2.5
Significant Wave Height = 3.0 ft
Modal Period = 5.0 s

MONOHULL TWIN HULL
Wave Heading 0° 30° 60° 90° 0° 30° 60° 90°

Motion
Surge, ft 0.30 0.18 0.07 0.00 0.29 0.18 0.08 0.00
Sway, ft 0.00 0.11 0.34 0.76 0.00 0.12 0.34 0.77
Heave, ft 0.57 0.67 1.00 1.30 0.57 0.67 0.99 1.26
Pitch, deg 2.18 2.23 1.99 0.00 2.25 2.30 1.92 0.00
Roll, deg 0.00 1.05 3.04 7.50 0.00 1.23 2.99 7.48
Yaw, deg 0.00 0.82 1.51 0.00 0.00 0.82 1.50 0.00

ATTACHED PERFORATED PLATE WITH 40% HOLES
   MONOHULL

Wave Heading 0° 30° 60° 90°
Roll Motion, deg
2 ft Plates 0.00 0.94 2.23 3.19
4 ft Plates 0.00 0.93 2.16 3.05

WITH 6” DIA. TRUSS - STRUCTURE BETWEEN HULLS
TWIN HULL

Wave Heading 0° 30° 60° 90°
Motion
Heave, ft 0.50 0.65 0.95 1.11
Pitch, deg 2.20 2.27 1.84 0.00
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TABLE 4.4
MOTION PREDICTION OF 80’ MODULES
SEA STATE 5
Significant Wave Height = 10.0 ft
Modal Period = 9.1 s

MONOHULL TWIN HULL
Wave Heading 0° 30° 60° 90° 0° 30° 60° 90°

Motion
Surge, ft 1.71 0.94 0.28 0.00 1.70 0.92 0.26 0.00
Sway, ft 0.00 0.61 1.50 2.50 0.00 0.60 1.50 2.30
Heave, ft 3.30 3.50 3.97 4.30 3.30 3.51 3.95 4.24
Pitch, deg 6.20 5.70 3.96 0.00 6.26 5.78 3.91 0.00
Roll, deg 0.00 2.95 6.50 10.90 0.00 3.08 6.45 10.80
Yaw, deg 0.00 2.40 4.20 0.00 0.00 2.30 4.20 0.00

ATTACHED PERFORATED PLATE WITH 40% HOLES
   MONOHULL

Wave Heading 0° 30° 60° 90°
Roll Motion, deg
2 ft Plates 0.00 2.82 5.57 6.98
4 ft Plates 0.00 2.80 5.47 6.80

WITH 6” DIA. TRUSS - STRUCTURE BETWEEN HULLS
TWIN HULL

Wave Heading 0° 30° 60° 90°
Motion
Heave, ft 2.95 3.12 3.78 4.00
Pitch, deg 5.80 5.52 3.87 0.00
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TABLE 4.5
MOTION PREDICTION OF 120’ MODULES
SEA STATE 2.5
Significant Wave Height = 3.0 ft
Modal Period = 5.0 s

MONOHULL TWIN HULL
Wave Heading 0° 30° 60° 90° 0° 30° 60° 90°

Motion
Surge, ft 0.28 0.15 0.04 0.00 0.24 0.13 0.06 0.00
Sway, ft 0.00 0.08 0.29 0.70 0.00 0.09 0.30 0.70
Heave, ft 0.30 0.39 0.77 1.24 0.29 0.38 0.76 1.25
Pitch, deg 1.10 1.24 1.44 0.00 1.12 1.26 1.43 0.00
Roll, deg 0.00 0.65 2.27 7.30 0.00 0.66 2.25 7.50
Yaw, deg 0.00 0.77 1.37 0.00 0.00 0.76 1.37 0.00

ATTACHED PERFORATED PLATE WITH 40% HOLES
   MONOHULL

Wave Heading 0° 30° 60° 90°
Roll Motion, deg
2 ft Plates 0.00 0.58 1.70 3.18
4 ft Plates 0.00 0.57 1.65 3.00

TWO 120 FOOT MODULES CONNECTED SIDE-TO-SIDE
        MONOHULL

Wave Heading 0° 30° 60° 90°
Motion
Surge, ft 0.28 0.19 0.13 0.00
Sway, ft 0.00 0.21 0.52 0.92
Heave, ft 0.32 0.39 0.61 0.96
Pitch, deg 1.13 1.20 0.88 0.00
Roll, deg 0.00 0.53 2.30 4.00
Yaw, deg 0.00 0.39 0.31 0.00
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TABLE 4.6
MOTION PREDICTION OF 120’ MODULES
SEA STATE 5
Significant Wave Height = 10.0 ft
Modal Period = 9.1 s

MONOHULL TWIN HULL
Wave Heading 0° 30° 60° 90° 0° 30° 60° 90°

Motion
Surge, ft 2.90 1.32 0.22 0.00 2.80 1.31 0.21 0.00
Sway, ft 0.00 0.84 1.57 2.67 0.00 0.83 1.55 2.59
Heave, ft 3.10 3.42 4.16 4.74 3.11 3.41 4.17 4.74
Pitch, deg 5.00 4.83 3.59 0.00 5.07 4.82 3.59 0.00
Roll, deg 0.00 2.37 5.79 11.00 0.00 2.36 5.78 11.00
Yaw, deg 0.00 5.70 8.10 0.00 0.00 5.30 7.90 0.00

ATTACHED PERFORATED PLATE WITH 40% HOLES
   MONOHULL

Wave Heading 0° 30° 60° 90°
Roll Motion, deg
2 ft Plates 0.00 2.33 5.19 7.20
4 ft Plates 0.00 2.30 5.10 7.00

TWO 120 FOOT MODULES CONNECTED SIDE-TO-SIDE
        MONOHULL

Wave Heading 0° 30° 60° 90°
Motion
Surge, ft 1.21 1.07 0.64 0.00
Sway, ft 0.00 0.90 1.17 5.44
Heave, ft 1.81 3.36 3.75 4.44
Pitch, deg 5.02 4.69 2.70 0.00
Roll, deg 0.00 2.29 4.20 8.23
Yaw, deg 0.00 2.71 2.28 0.00
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Comparisons of motions between a single 120 ft hull and two 120 ft hulls connected side-
to-side (Tables 4.5 and 4.6)  shows very little change for head sea directions.  For the
oblique sea directions and beam seas, however, the results show reductions between 20%
and 40% for all modes of motion.  The largest effects are for pitch in oblique conditions and
for roll in beam sea conditions, as would be expected.

The perforated plate appendages were modeled on all three hull lengths for the monohull
configuration.    In the nominal SS 2.5, roll reductions obtained were in the range of 10% to
57%, while the extreme operating condition, corresponding reductions were 2% to 35%.
From the above results, the effectiveness of these appendages to reduce roll motions was
established.

The arrangement of open truss on the catamaran form is primarily aimed at providing
additional damping in heave and pitch modes of motion.  These effects produced heave
motion reductions in the range of 2% to 5% and pitch motion reductions in the range of 3%
to 10%.

The results of the analysis of the effects of a passive tank are included in Table 4.1.  It can
be seen that the roll reduction is approximately 30%.  The passive tank is most effective at
small roll angles and less effective for higher sea states which involve larger roll angles.

AQWA output documentation together with sample calculations are provided in Appendix B.

Implementing a passive tank system is likely to have detrimental effects on other aspects of
the ACB design.  The structure of the tank itself will add weight to the system.  It is
assumed that any motion reductions from the tank would only be useful in an unloaded
condition during connections.  Therefore, in order to avoid carrying around the tank water
during the loaded operation of the ACB, some sort of deballasting system would be
required which would add to the complexity and deployment times.

If any of the above options are to be implemented, all, with the exception of the passive roll
tank, are likely to have some effect on the resistance characteristics of the ACB system.   A
set of analyses were undertaken to estimate the magnitude of these effects.  Calculations
are included in Appendix  G.

For the monohull/catamaran comparison the resistance for each is estimated at the light
unloaded draft condition, since this is the draft at which the twin-hull form is likely to show
any resistance differences.  Using  the resistance methodology described in more detail in
Section 4.3.4, it was estimated that the catamaran form at unloaded draft could be
expected to have about 10% less resistance than the monohull form.  However in a loaded
condition the resistance is likely to be about the same as the monohull.

The estimate of the effects of open truss elements on resistance  was determined by
calculating the pressure drag on the truss elements as cylinders, using a drag coefficient of
1.2.  The results indicated that the truss element could be expected to impose a severe
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resistance penalty, with the resistance of one set of truss elements amounting to
approximately 30% of the total monohull resistance at full load.  Considering all sets of
truss elements would result in the truss drag dominating the total resistance.

The estimate of the drag of the attached perforated plates indicates that in a deployed
position the plates could be expected to add about 10% resistance to the ACB form.  It
should be noted that implementation of this option would likely include a means of retracting
the plates prior to operation as a ferry or barge, in which case the plates would impose no
additional resistance.

Based on the results presented above it is clear that only the perforated plate option has
any significant merit.  The catamaran form itself showed insignificant reduction in motions
as did the implementation of a truss system.  As well any truss system was shown to likely
have a serious detrimental effect on resistance.  The passive roll tank could be designed to
have positive effects however it would be likely add weight and significant complexity to the
system.  The perforated plate concept shows definite promise as a mean of reducing
motions.  The configuration analyzed was limited to an orientation effective in roll and sway
only, due to the limitations of the empirical data available.  It is likely that other orientations
could be devised to help to reduce other modes of motion as well, with equal effect.

4.2 Conceptualization

The underlying philosophy of the ACB system concept provides a fairly rigid constraint on
the module development from the standpoint of overall dimensions and end forms.  Within
the specified maximums, as discussed in Section 3.5, of 40 foot overall length, 24 foot
overall breadth, and 8 foot depth, the obvious simplest configuration is a rectangular box
form.  This form has been taken as being a baseline.

A conceptualization process was undertaken with an objective of identifying any features or
other module system concepts that may warrant a significant deviation form the baseline
rectangular form.  This conceptualization took the form of a brainstorming session during
which alternatives for modular concepts were put forward.

Appendix C provides sketches and/or brief descriptions of the ideas presented during the
session.  The ideas presented cover a wide spectrum of topics not limited to specific
module types within the ACB ISO modularity limitations.   Most of these were felt to contain
features that would necessarily put them well outside the scope of the current development.
Three conceptual module forms, shown in Figures 4.5, 4.6, and 4.7 , were considered to
have potential beneficial attributes and were evaluated further.  These are:

• Concept 1 - flat cargo deck supported on three tubular steel "pipe" hull forms.  This
concept was inspired by commercial breakwater/dock applications that were identified
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FIGURE 4.5
TUBULAR HULL MODULE CONCEPT
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FIGURE 4.6
"COMMERCIAL DOCK" MODULE CONCEPT
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FIGURE 4.7
SEMI-SUBMERSIBLE BUOYANCY CONCEPT
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in the Technology Review and was felt to potentially provide benefits principally in
improved motions characteristics as well as ease in further breaking down the module
into 8 foot pieces;

• Concept 2 - flat cargo deck supported on a truss frame and a set of independent
plastic buoyancy compartments.  This concept was inspired by commercial dock
systems and was felt to offer potential advantages in weight and possibly reduced
motions;

• Concept 3 - "semi-submersible" module consisting of a non-tight deck supported on
watertight tubular struts and a watertight chamber.  This concept was inspired by the
well know superior motions characteristics of offshore semi-submersible structures.

Evaluation of these concepts included identifying  the load carrying capacity at a standard
defined loaded freeboard of 3 feet, as well as potential advantages and disadvantages
relative to the baseline module form.  Brief descriptions of these evaluations follow.

Concept 1 was estimated to have about the same weight as the baseline configuration but
with only about 65% of the displacement capacity (a block coefficient of 0.65).  Therefore,
fully loaded this concept would operate with less than 3 feet of freeboard.  The concept was
felt to have the potential for increased damping and therefore reduced motions with it's
three tubular hulls.  It was expected to exhibit low resistance at lightly loaded conditions but
to have a severe resistance penalty once the transverse web plates become submerged at
deeper drafts. The concept would be easy to breakdown into 8 foot breadth pieces and was
felt to be less susceptible to damage in operation.

Concept 2 was estimated to have about half the weight of the baseline concept with about
80% of the displacement capacity (a block coefficient of 0.78).  Therefore, the concept
would have greater than 4 feet of freeboard in a fully loaded condition.  This concept was
also felt to have potential for reduced motions, reduced susceptibility to damage with a
greatly reduced effect of that damage.  It was also felt to provide means of breakdown into
smaller sections.  The concept was felt to have a resistance penalty at all drafts.

Concept 3 was estimated to have about 70% of the weight of the baseline module but only
30% of the displacement capacity.  This means that this concept would not be able to carry
the full load.  It was felt that if an altered configuration could be developed where additional
buoyancy could be provided for deeper loaded draft conditions, that the concept would
provide significant advantages in terms of superior motions

Based on these evaluations, only Concept 2 has potential, mostly from a significant
reduction in weight.  The concept would represent a significant departure from the direction
of the current development, and several aspects would require to be proved.  This may
warrant further study, but was not felt to provide cause for deviation from the baseline form.
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The brainstorming session also identified several simple modifications to the baseline
module that were perceived to hold potential advantages.  These are:

• the use of corrugated panels for shell and bulkheads to replace the panel stiffeners
typical of barge construction.  This was proposed as a means of reducing the
structural weight and to, in certain aspects simplify construction;

• the addition of flare or deadrise to the hullform as a potential means of reducing
motions.

Evaluation of the corrugated panel concept from a weight standpoint is discussed in
Section 4.3.2.  Evaluation of the application of flare or deadrise is discussed in Section
4.3.5 on module motions.

4.3 Concept Design

4.3.1   Structure

General Methodology.

The structure for the modules is generally developed from the philosophy of typical barge
configuration and construction practice considerations.  This is a reasonable approach
since the primary mission of the ACB system is consistent with deck cargo barge
operations. The structural analysis is developed working from a general definition of
scantlings and following a process that provides a review of the structure under more
specific analysis relating to actual ACB operational loading conditions.

The initial scantlings for the module have been developed using ABS Rules [9] for vessels
in service on rivers and intercoastal waterways.  These rules are empirically based  and in
general provide conservative plate thicknesses and stiffener scantlings using statistically
derived values based on main dimensions.    For the purposes the ACB structural analysis
a rigid barge of 120 foot x 24 foot x 8 foot dimensions was used.  These rules provide plate
thickness for bottom and side shells,  transom, headlog, and bulkhead; as well as section
modulus requirements for stiffeners and other supporting structure for shell and bulkheads.
For the deck plate thickness, initial scantlings were developed using ABS Rules for Steel
Barges [10] which allow for an application of a dynamic factor that accounts for sea
conditions, typical of open ocean operations.  For deck beams and girders, scantlings were
developed using direct calculation methods using dynamic factors for applicable loads.

The initial scantlings for the module  as developed above were then reviewed subject to
specific loading conditions that relate to ACB cargoes and loading conditions.  These
included:

• review of the deck panels from a standpoint of allowable permanent set (plastic
deformation resulting in panel dishing) under the RTCH wheel loads,
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• strength and stability of the bulkheads under wheel loads,
• global loading and strength of a 120 foot unit on a wave,
• review of the bottom shell against hydrostatic loading,
• loads due to a stacked stowage arrangement and due to lifting.

Structural Arrangement.

The structural arrangement has been defined based on several factors including:
• typical barge construction arrangements,
• compatibility with ISO modularity considerations,
• watertight compartmentation for damage stability,
• global strength,
• structural weight.
ISO modularity considerations suggested that an 8 foot grid of major structure be
considered.  This allows for even spacing both in the longitudinal and transverse directions.
In addition to the normal level of transverse subdivision, damage stability considerations
(see Sections 3.5 and 4.3.3)  require some longitudinal subdivision to limit the transverse
extent of flooding after damage.

From a global strength standpoint the preference would be for a longitudinal framing
system, i.e. longitudinally oriented deck beams and shell stiffeners, for a long shallow hull
form such as a 120 foot unit.

Weight considerations indicate that a transverse framing system will likely be slightly
heavier than a longitudinal framing system (see discussion which follows in Section 4.3.2).

Based on these considerations the proposed structural arrangement consists of :

• deck and bottom shell supported by longitudinally oriented beams and stiffeners,
• beams and stiffeners supported by major structure (transverse girders or transverse

bulkheads) spaced at 8 feet,
• transverse girders supported by longitudinal bulkheads located 4 feet off center port

and starboard.

This arrangement provides an even span distribution for the major structure and effectively
provides substantial bulkhead structure in way of the heaviest loaded section of the deck,
i.e. under rolling stock track and wheel loads.  This structure also will serve to support lifting
loads placed on the ISO container corner fittings and for stowage loads that may be
imposed on the container cell recesses.

Materials.

The use of marine grade steels is assumed throughout.  As a weight saving measure, high
strength steel, with a nominal yield strength of 51 ksi, is used for the heavily load structure
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of the deck.  Ordinary strength steel, with a nominal yield strength of 34 ksi, is used for the
remainder of the structure.

Deck Design Results.

The governing loads for the deck plate and supported structure are from the rolling stock
wheel loads which amount to the highest local loads that the module structure is required to
bear.  In particular the wheel load for the RTCH, of 75,000 pounds, is the heaviest load and
is used to size the deck beams and deck transverses.

The philosophy for design of the deck plate involved sizing the deck plate using ABS Steel
Barge rules [10] with the load for the Heavy Cargo Truck (as defined in the Sealift COR [2]).
This analysis would ensure that no yielding or plastic deformation occurs under this loading
with an ABS defined dynamic factor applied.  The deck plate would then be reviewed from
the standpoint of estimating the amount of cumulative permanent set as a result of loading
over time that the plate would develop under the higher RTCH wheel loading.

The ABS calculation indicated that under Heavy Cargo Truck wheel loads, 1/4"  thick deck
plate on a 12" beam spacing would be required.  This assumes the use of high strength
steel as mentioned above.  Estimations of permanent set were developed using design
curves given in Hughes [19].  These curves provide a method for estimation of permanent
set developed in a plate panel over prolonged application of a wheel load at any orientation
to the deck panel.  In any application of this method the most that can be derived are
bounds on the level of permanent set to be expected.

This approach, using 1/4" deck plate under the RTCH loading,  indicated that the total
cumulative permanent set would be much less than 1/8".  Based on this result it was
decided to investigate the level of permanent set if a 24" beam spacing were used. The
results of the analysis indicated that for 1/4"  high strength steel the cumulative permanent
set would be much less than 3/16" under the Heavy Cargo Truck wheel loads and between
3/16" and 3/8" inch under the RTCH loading.  Given the nature of the analysis these levels
were felt to be reasonable for the following reasons:

• the analysis itself is conservative being based on a cumulative total over time with the
load in any orientation. The most likely orientation is longitudinally which is the least
severe for loading,

• the wheel patch size as derived from the Sealift COR is conservative,
• these levels of permanent set will cause no degradation of structural performance.

It should be noted that the change in beam spacing from 12 inches to 24 inches results in a
significant weight saving.
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As a point of comparison, the present NL system modules have 3/16" plate on an
approximate 21" beam spacing.  This results in a larger slenderness ratio, panel width to
thickness, than for 1/4" thickness on 24" spacing.

Deck beams and deck transverse girders are all designed to carry the RTCH load and are
sized to keep stresses within the allowable level previously discussed.

Global Strength.

Global strength of the ACB lighter system has been analyzed using a classical naval
architecture approach.  Hull girder shear and bending moment estimations are made for
specific loading conditions derived from the cargo types discussed in Section 3.4 with the
hull in still water and wave conditions.   For wave conditions the 120 foot hullform was
balanced on a "L/20" wave. A "L/20" wave is a theoretical worst case wave that has a wave
length the same as the length of the hull and a wave height of 1/20 th of the hull length,
usually of a trochoidal profile.  For  120 foot rigid unit this results in a wave 120 feet long
crest to crest and 6 feet high crest to trough.

Loading conditions analyzed included:

• a single M1A1 tank in still water,
• 3 - M1A1 tanks even spaced along the 120 foot length in still water,
• 3 - M1A1 tanks closely spaced amidships in still water,
• 3 - M1A1 tanks closely spaced amidships on a sagging wave (trough amidships),
• 2 - M1A1 tanks at ends on a hogging wave (crest amidships).

The loading condition resulting in the largest moment was the 3- M1A1 tanks on a sagging
wave.  The load, shear and moment distributions are shown in Figure 4.8.

Primary stress (hull girder bending stress) is calculated by applying the maximum moment
to the hull girder section modulus for the midship section or any other section of interest..

Dynamic Factors.

A dynamic factor of 1.5, to account for sea state, has been taken into account in analysis of
the ACB structure.  This factor is the same as use by ABS steel barge rules for design of
decks.  As a check of this, dynamic factors have been estimated using DOD Standard
1399 [20] which gives formula for vertical, transverse, and longitudinal accelerations as a
function of sea conditions.  These accelerations are shown in Figure 4.9 and range from 1.2
to 1.3 g.  Therefore the use of 1.5 dynamic factor is reasonable.
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FIGURE 4.8
LOAD, SHEAR, AND MOMENT DISTRIBUTIONS
3 - M1A1 Tanks on a Sagging Wave
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FIGURE 4.9
DYNAMIC LOAD FACTORS
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Check of Structure to Specific Loading.

Strength and stability of the bulkheads under RTCH loading have been checked using
Navy Design Data sheet DDS 100-4 [21] for guidance.  The scantlings provided for the
ACB provide sufficient strength.

Stowage loads on the module have been checked by calculating the load carried by the
lowest stowed module in a stacked configuration assuming 4 other modules stacked above
it and including a dynamic factor of 1.3 to account for accelerations of the transport ship.
This load was assumed to be carried only on the ISO container corner fittings and resisted
by a limited area of module plate structure.  Both of these assumptions are conservative.

Lifting loads have been estimated from the weight of a single module with dynamic factors
included to account for transport ship motions and crane accelerations.  Again the load is
assumed to be carried by a limited of module plate structure as a tension load.

Resulting Scantlings.

Table 4.7 lists the resulting scantlings for the ACB module.  It should be noted that the end
plating of the modules as well as that plating for the rake on the end module, has been
increased to 5/16".  This is to provide additional insurance against damage in these
vulnerable regions.  Figure 4.10 shows a typical midship section.  Full calculations
documenting the structural analysis are included in Appendix D.  Structural scantling
drawings for both the center and end modules are also provided in the appendix.

4.3.2   Weight Estimate

As defined in Section 3.2 the module weight for the ACB system is limited to 30 LT (67200
pounds) to allow transportation and deployment in a manner typical of a standard 40 foot
ISO container. A weight estimate has been developed using a SWBS (Ship Work
Breakdown Structure) format.  This provides estimates of weights for structure and
identifiable outfit items.  The difference between the 30 LT limit and the estimated weight is
then stated as a budget weight for connections systems which are not yet fully defined.

The structural weight in the final estimate takes advantage of some tradeoffs developed for
the structural arrangements as well as the use of high strength steel for the heavily loaded
deck structure.  These tradeoffs included:

• the use of ordinary strength steel for the deck vs high strength steel,
• weight of longitudinal vs transverse framing system,
• the use of corrugated panels to replace the stiffeners in shell and bulkheads,
• the use of a 4 web frame spacing (span for the longitudinal stiffeners) vs a 8 foot

spacing,
• the use of 24 inch deck beam spacing vs 12 deck beam spacing.
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TABLE 4.7
ACB LIGHTER STRUCTURAL SCANTLINGS

Plate

Bottom Shell 0.25
Side Shell 0.25
Transom/Headlog 0.3125
Rake 0.3125
Bulkheads 0.25
Deck 0.25 H36(High Strength)

Framing

Bottom Longitudinal L 5x3x5/16
Side Longitudinal L 4x3x1/4
Bulkhead Stiffeners L 3x2x1/4
Transom Stiffeners L 4x3x1/4
Side/Bhd Transverse L 8x4x7/16
Deck Longitudinal FP 15x4x5/16 H36(High Strength)
Deck Transverse Girders FP 24x4x1/4 H36(High Strength)
Bottom Tranverse FP 10x3x5/16
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FIGURE 4.10
MIDSHIP SECTION
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In each of these cases the option resulting in the least weight has been adopted.

The weight estimate also includes an allowance for paint.  This has been applied as a
percentage (1.5%) of the structure weight which is common practice.

Outfit weights include the estimated number of fittings which are defined and discussed
more in Section 4.3.7.

Tables 4.8 and 4.9 give weight estimate summaries for the major weight groups for both the
center and end modules.  Full estimates for the final weights as well as the trade-offs
evaluated are included in Appendix E.

Options for additional weight savings include:

• using high strength steel for all structure.  This would likely allow for smaller stiffeners
and transverse web frames and may result in lighter bulkhead thicknesses.  Estimated
savings 3000 pounds.

• reducing transom plates from 5/16 to 1/4 inch thickness.  Estimated savings 900
pounds.

• reduced number of fittings.

4.3.3   Stability

As discussed in Section 3.5, stability criteria have been defined for the ACB lighter system
based on general guidelines for deck cargo barges.

For intact stability the criteria contained in CFR 46 174 [7] have been used to ascertain the
relative safety for the system.  These criteria require a minimum righting energy, defined by
the area under the righting arm curve of 15 ft degrees between 0 and 40 degree or a lesser
downflooding angle.  For the ACB there are effectively no downflooding points assuming
the watertight access hatch is closed during  loaded operations.

For damage stability, a limited set of criteria have been used.  These are:

• no deck edge immersion,
• equilibrium heel after damage of less that 15 deg.
• positive range of stability after damage of 15 deg.

This limited set has been developed from typical damage criteria that in general are
applicable to more stringent service requirements such as ocean going passenger vessels
or naval vessels.  Typical references are CFR 46, Solas 90, the MARAD Stability Letter,
and NAVSEA DDS 079.  The limited set of criteria defined above will provide a measure of
the relative safety from a damage stability standpoint.
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TABLE 4.8
WEIGHT SUMMARY FOR CENTER MODULE

Group Weight VCG TCG LCG

100 Structure 57933 4.22 0.03 20
600 Outfit 1631 5.2 0.4 20.1

Budget for Connection Systems 7636 4 0 20

Total Weight 67200 4.2 0.0 20.0
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TABLE 4.9
WEIGHT SUMMARY FOR END MODULE

Group Weight VCG TCG LCG

100 Structure 57027 4.44 0.03 22.5
600 Outfit 1523 5.44 0.41 19.6

Budget for Connection Systems 8650 4 0 20

Total Weight 67200 4.4 0.0 22.1
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The no deck edge immersion condition ensures maintenance of  the maximum waterplane
area after damage.  In most stability criteria this condition relates to immersion of a "margin"
line which is defined as 3 inches below the deck edge.  For the ACB system, deck edge
immersion is an adequate limit.

An equilibrium heel angle of 15 deg. is an operational safety condition and ensures that the
cargo will not shift and that personnel can still move about the deck of the modules if
required.

A positive range of 15 deg. provides the damage vessel with an amount of righting energy
to withstand the effects of heel or roll angles from environmental or other causes.
Loading conditions analyzed included the following:

• a maximum cargo load condition of 200 LT with a vertical center of 53 inches above
the deck (intact and damage)

• an unloaded condition for a 120 foot rigid unit (intact only),
• an unloaded condition for a 40 foot module (intact only).

The 200 LT maximum load is defined based on an analysis of typical cargo (see Section
3.4).  The vertical center of gravity for the load is based on the center of gravity assumed
for M1A1 tanks as given in the Sealift COR [2] for the "Tracked Vehicle".  This load
condition provides a worst case from both a load and vertical center point of view.

Analyzing the unloaded conditions ensure that the modules maintain adequate stability
during the connection process.  The stability analysis for the loaded condition is limited to
the 120 foot unit since this is the largest operating rigid configuration.  A causeway ferry or
moored causeway made up of several flexibly connected 120 foot units is going to have
greater stability reserve.

Subdivision for the ACB modules is based on a high probability of flooding type damage
occurring and the likelihood of damage allowing the flooding of two adjacent compartments.
As discussed in Section 4.3.1,  the hull is subdivided by two longitudinal bulkheads
effectively limiting the transverse extent of flooding.  In addition early results from the
damage stability analysis indicated a need to limit the length of any wing compartment to 16
feet.  Therefore, additional partial bulkheads are provided in the wings.

The stability analysis is developed using the PC based software, GHS.  The analysis
includes, for each loading condition, balancing the hull loaded configuration and developing
a righting arm curve for the intact case.  For the maximum load case this is followed by a
sequential damage and flooding of groups of two adjacent compartments along one end
and a side of the 120 foot unit.
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Figures 4.11 and 4.12 show the righting arm curves for unloaded 40 and 120 foot hulls in
the intact condition together with an assessment of the stability criteria.  Figures 4.13 and
4.14 show the righting arm curves for the intact and the worst damage case of the
maximum load case.  As can be seen, the ACB possesses adequate stability.

As a check on the sensitivity of the stability characteristics to load position, an additional
load case was analyzed that assumed off-center loading.  The maximum load of 200 LT
was placed at a position 1 foot off the center line.  Table 4.10 shows the results for intact
and damage conditions.  For the intact case the off-center load has negligible effect.
However for the damage condition, several of the damage flooding cases resulted in
capsize.  These results indicate that the stability of the ACB system as configured is
sensitive to loading position.  This sensitivity may place some conditions on the loading
practices.  Alternatively  additional subdivision could be provided.

Full calculations of these stability analyses are included in Appendix F.

4.3.4   Resistance and Powering

The resistance/powering characteristics for the ACB Lighter system have been developed
using classical naval architecture methodology.  This involved developing a resistance
prediction by extrapolating the results of model scale data from testing of a similar hull form.
Model scale to full scale extrapolation of resistance data makes use of a methodology for
separation of the total resistance into basic components: residuary or “wave making”
resistance, and viscous or frictional resistance.  Using Froude’s Law of Comparison, the
non-dimensionalized residuary resistance, given as a coefficient CR,  is assumed to be the
same for geometrically similar hulls at the same speed-to-length ratio.  This methodology,
known as Froude scaling, is the standard means of developing accurate resistance and
powering predictions during the design process.

In the absence of model test data on the specific hullform, the analysis involved deriving
values of CR from published data of similar hulls at the appropriate range of speed-to-length
ratio.  Research into sources for applicable resistance data uncovered very little data
available.  The data used for the prediction came from a set of resistance data for barges
published by SNAME [6].  Of the data from this reference, the CR values for one particular
barge were used.  This barge has a section area curve similar to the ACB hullform and, like
the ACB modules, also has a hard transition at the bow and stern rakes.  The CR values for
the reference barge are in the upper range of the values for all barges recorded in the
reference.

The values of residuary coefficient from the reference information were correlated to match
a speed range for the ACB of 2 to 8 knots and used as input  to the PC-based computer
software NAVCAD.  This program was then used to develop the remaining components of
resistance for the ACB, including frictional resistance to the ITTC friction line (an industry
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FIGURE 4.11
RIGHTING ARM CURVE UNLOADED 40 FT MODULE
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FIGURE 4.12
RIGHTING ARM CURVE UNLOADED 120 FT BARGE
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FIGURE 4.13
RIGHTING ARM CURVE FOR FULL LOAD 120 FT BARGE
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FIGURE 4.14
RIGHTING ARM CURVE FOR WORST FULL LOAD DAMAGE
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TABLE 4.10
STABILITY RESULTS FOR OFF-CENTER LOAD

Condition Heel GM Range Freeboard
Deg ft deg ft

Intact 6.9 5.2 60 2.67

Damage Case 1 12.48 5.15 30 -0.13
Damage Case 2 16.2 4.94 20 -0.89
Damage Case 3 17.05 4.8 17 -0.87
Damage Case 4 Capsize
Damage Case 5 16.1 5.42 20 0.06

Note:  For definition of Damage Cases See Appendix F
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standard prediction line that gives the frictional coefficient, Cf, as a function of Reynolds
number for the hull) based on hullform inputs.

The results of the resistance prediction are shown in Figure 4.15.

The report on the full scale testing of an ISO Powered Module [13] gives an estimate for
propulsive coefficient for the waterjet propulsion system.  The propulsive coefficient, which
measures the overall efficiency of the propulsion system, is given to range from 0.14 to
0.23 for the range of speeds from 4 to 8 knots.   Using these numbers an estimate of the
required propulsion power over the 2 to 8 knots speed range is given in Figure 4.16.

The background for the prediction methodology as well as copies of the calculations are
included in Appendix G.

As an attempt to check on the quality of these results, a review was undertaken of other
published sources of resistance data for barge type hullforms.  SNAME has also published
a set of curves, T&R 1-29 [22], which give ranges of CR for various block coefficients and
speed-length ratios.  Dai [23] provides a methodology for estimating CR for several
combinations of end shape that includes square ends, flat rakes, and smooth transitions, as
well as trends in CR for changes in L/B and B/T ratios.  Some full scale data results for
similar hullforms are available for other modular systems, references [13], [24], and [25].

Residuary coefficients derived from the SNAME T&R and from the method by Dai are
typically less than the values used in the prediction, by as much as one half.  The data from
the full scale trials in references [13] and [24] for total resistance of modular ferry systems
compare reasonably well with the prediction. The data from the 1995 trials [25] for the
Army’s MCF indicate higher than the predicted resistance.  It should be noted that the data
in this last reference contains aspects that are inconsistent and difficult to reconcile.

Based on these comparisons it is likely that the resistance and powering estimates
presented in Figures 4.15 and 4.16 will be on the conservative side.  Due to the nature of
the data available, the level of confidence in the absolute value of resistances and resulting
power levels must be considered to be low.

Within the reference data used for this analysis, some information is available on the effects
of hullform variations on the expected resistance.  Both the SNAME data sheets [5] and Dai
[23] show that some resistance advantage is to be gained by easing the transition at the
bow and stern rakes.  In particular Dai indicates that an order of a 20% decrease could be
expected in resistance and therefore power for a hullform change of the type shown in
Figure 4.17.
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FIGURE 4.15
RESISTANCE FOR 120 FT ACB LIGHTER BARGE

Speed in knots

0

1000

2000

3000

4000

5000

6000

7000

8000

0 2 4 6 8



Kvaerner Masa Marine Inc.

ACB Lighter Development
CLIN 0001AC Final Report                                            64                                                  

FIGURE 4.16
POWER ESTIMATE FOR ACB LIGHTERS
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FIGURE 4.17
POTENTIAL CURVED RAKE FORM
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4.3.5   Basic Motions Characteristics

As discussed in Section 4.2, a suggestion was presented to improve the motions of the hull
through minor modifications of adding flare or deadrise.  To review the viability of this idea a
simple analysis of the basic motions characteristics of the ACB module was carried out.
The analysis was performed using the 2D strip theory program SMP (the Navy’s standard
Ship Motions Program).  The objectives of the analysis was to ascertain the relative effects
of adding a moderate amount of flare or a moderate deadrise to the baseline box form.

The first step in the analysis was to “calibrate” the results from SMP against the results of
an analysis of the ACB modules with the 3D analysis program MORA, Garrison [15].  The
results of this comparison showed good agreement as indicated in Figure 4.18.

With confidence that reasonable results could be obtained using SMP, input models were
developed to analyze the following variations and loading conditions for a 120 rigid unit:

• the baseline rectangular form at unloaded draft;
• the baseline hull but with 10 degrees of flare added;
• the baseline hull but with a 10 degree deadrise angle added;
• the same as above at a full load draft.

Figures 4.19, 4.20 and  4.21 show the hullform variations for these analysis cases together
with the numerical SMP model representations.  SMP models the hullform sections with
splined curves.  For the ACB hullform and variations the hard points at the chine are
approximated by a very tight area of curvature.  The “calibration” runs against the MORA
analysis indicate that in general these approximations do not effect the motion results.

The results of the analysis indicate that the addition of moderate flare or deadrise has
insignificant effect on the hull motions.  Figures 4.22, a,b, and c plot the results for heave
pitch and roll motions at the full load draft, showing almost no difference in motions
between the three hull variations.  Similar results for the unloaded draft were found.   Figure
4.22c shows some increase in roll for the hull with deadrise added.  This is felt to be a
function of the modeling approximation.

Full SMP output documentation for the analyses is provided in Appendix H.

4.3.6   Hullform and Module Configuration

As identified in Sections 4.1 and 4.3.5, several hullform/module concepts were reviewed in
the course of the research effort.

In Section 4.1, a comparison was made between monohull and catamaran type of
hullforms.  The results indicated little of no advantage to be gained by a catamaran form.  In
Section 4.3.5 the application of moderate flare or deadrise were reviewed.  Again no



Kvaerner Masa Marine Inc.

ACB Lighter Development
CLIN 0001AC Final Report                                            67                                                  

FIGURE 4.18
BENCHMARK WITH GARRISON’S RESULTS FOR 3 MODULES
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FIGURE 4.19
BASELINE RECTANGULAR HULLFORM



FIGURE 4.20
ADDITION OF MODERATE FLARE



FIGURE 4.21
ADDITION OF MODERATE DEADRISE
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FIGURE 4.22
MOTION EFFECTS OF ADDED FLARE OR DEADRISE
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significant advantage could be shown.  The results of these evaluations and analyses
suggest that no advantage is to be gained by deviation from the simple rectangular form.

Two main module types are required to “build” all of the various rigid and flexible types of
units to meet the operations of the ACB Lighter system.  These combinations are described
briefly in Section 3.5.  The two module types consist of a center module,  designed to allow
for rigid connection at each end to other modules, and an end module, designed to allow for
a rigid connection at one end and a flexible connection at the other.  These two modules
are connected in combinations of one center module and two end modules to form the next
level of basic unit consisting of a 120 foot rigid unit.

Figure 4.23 shows the general geometry for the center module.  This has overall
dimensions of 40 feet length, 24 feet breadth, and 8 feet height.  Simple hard edges form
the intersection at each pair of faces, and the module itself is thus a simple rectangular box.
Each end of the module has 2 recesses, 1’-0 1/2”  wide by 1’-0” deep for the full height of
the module.  These recesses are provided  to accommodate the container cell guides for
stowage of the module in the hold of a T-ACS or commercial container ship.

Figure 4.24 shows the geometry of the end module.  This has overall dimensions the same
as the center module and differs from the center module only in that it has a simple flat rake
for the full width of the module at one end.  This rake extends from 2’-4” below the deck to a
point 7’-8” from the end at the bottom shell, forming a 36.5 degree sloped surface.  The
rake angle geometry is based on minimizing the effects on the major module structure
which is arranged on 8 foot spacing.  The rake angle has not been optimized from a
resistance standpoint.  This raked end is designed to allow freedom of movement at the
flexible connection as well as providing for reduced resistance as the connected units move
through the water.  The 2’-4” is provided to allow sufficient depth at the end to
accommodate the flexible connection system components, while still having the vertical
face at the end of the module above the waterline at the full load draft.   The ends of the
module are also provided with container cell guide recesses.

The transition between the rake and the bottom forms a hard point.  As discussed in
Section 4.3.4, further development of the ACB may find some advantage in softening this
transition, as a means of reducing resistance, and providing at least a partial curved rake.
Other aspects of the geometry of the raked end can also be revised if required, once
additional information on connection systems is available.

Figure 4.25 shows one option for the general geometry of a beaching module.  As
discussed in Section 3.4, this specialized unit is required to provide the beach interface for
the ACB system in either a beaching lighter or moored causeway configuration.  This unit
has a foldable beach end section designed to provide a ramped transition from the deck of
the ACB assembly to the beach.  The potential configuration shown has be developed to
the level of general geometry considerations only.  This geometry is based mainly on an
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assumed maximum ramp breakover angle of 12 degrees, similar to the requirement for
ramps contained in the Sealift COR [2].

The configuration shown incorporates a beach section that is approximately 16 feet in
length connecting to the module with four hinge assemblies.  The hinge axis is required to
above the ramp surface to facilitate the required 180 degree fold.  For this reason the
hinges have been shown located outboard of a designated 12 foot wide drive lane to avoid
damage from rolling stock.  The 12 degree ramp angle results in a sloped portion on the
module of approximately 18 1/2 feet in length.

The underside of the module at the ramp end has a 20 degree flat rake.  This is provided to
reduce resistance in operation.  It is assumed that the module would be deployed with the
beach section locked in the folded configuration.  If the beach module is left unloaded then
it would float at a level that would have the rake surface above the waterline.  This would
serve to reduce the additional resistance due to “dig in” that has been reported in full scale
trial of similar systems (see reference [25]).

This beaching module will require further development particularly in regards to:

• how the beach section will be unfolded;
• a locking arrangement;
• hinge design;
• specific structural arrangement and scantlings;
• incorporation of ISO container fittings for lifting on T-ACS or container ships.

Other geometry configurations are possible and may be required dependent on how the
beaching facility is to be used in various operations and beach environments.

4.3.7   Hull and Deck Outfit

Hull and deck outfit for the ACB lighter modules is required at a level to allow the system to
interface with other logistics assets in aspects of the mission related to transportation,
deployment, and cargo handling.  These interfaces have been identified in Section 3.4.2.
Special outfit as also required on the modules to allow access below decks for
maintenance, inspection, and possibly stowage requirements.

Outfit items and arrangement are shown on module general arrangement drawings
included in Appendix I.

Access  below decks is provided by a single flush watertight hatch.  The hatch is located on
one outboard edge of the modules near to a bulkhead.  The hatch is equipped with a
vertical ladder running down the bulkhead.  Access to other compartments is through
bolted watertight access manholes located in the watertight bulkheads.   The module depth
of 8 feet allows unhindered movement about the compartments in a standing position.
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Adequate access is thus provided to each compartment while minimizing the number of
hatches through the deck.  By providing only one hatch and placing it outboard, reduces
the chances of cargo operations damaging the water tight integrity of the deck.  The hatch
is a flush mounted unit operated with a key similar to the hatches on the existing NL system
Powered Causeway Section (PCS).

This arrangement provides the simplest means of achieving access to each of the
compartments while avoiding placing fittings on the sides or ends of the modules where
they are susceptible to damage.  This arrangement assumes that the compartments of the
module are normally unoccupied and that bulkhead manholes remain closed while the ACB
is in operation. Other arrangements are possible that would provide more convenient
access (such as more deck hatches), but at the price of greater potential for leakage.

Fittings provided for deployment and stowage configurations include:

• ISO container corner fittings at the corners of the 8 foot wide center portion of the
modules.  Four such fittings will be fitted to the top of both main module types.  Four
fittings will also be provided for the bottom of the center module, while two will be fitted
on the bottom of the end module.  The corner fittings will be located within the
tolerances specified in ISO standard 668 [14].  These fittings provide the capability of
lifting the modules with a standard ISO 40 ft container spreader as well as potentially
using container deck fittings;

• 4 recessed heavy 'D' rings in the top of each  module to provide lifting points on
transport vessels not equipped with ISO container spreaders;

• 2 recessed heavy 'D' rings on each side of the modules to provide lashing points for
stowage on the decks of ships.

Fittings provided for mooring and anchoring include:

• 3 flush type 'D' rings port and starboard for the center module;
• 1 flush type 'D' ring port and starboard for the end module.

Cargo tie-downs are provided in two rows port and starboard along the full length of both
module types. The rows of fittings are located 6 and 10 feet off centerline on 8 foot
longitudinal centers. The inboard row is offset longitudinally by 4 feet.  This provides a tie
down grid that should service any loading configuration.  The cargo tie-downs shown are
typical "cloverleaf"  flush socket type oriented at 45 degrees to the centerline of the module.
These are standard fittings for use in cargo tie-down operations and are intended to be
used with "elephant hook" type lashings.

The fitting arrangement has been developed on the basis that the ACB system will need to
meet the same types of requirements as the existing NL system.  The arrangement
provided has not been optimized to specific loading arrangements.  The objective has been
to identify and provide fittings that meet the basic needs of operational interfaces.  Other
types of fitting are possible from those proposed.  The final choice of outfit will require a
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more detailed analysis of interface requirements in conjunction with specific operational
data.

In addition to the basic outfit arrangement shown other types of fittings may be required
including:

• drain or dewatering fittings;
• vent fittings for compartments;
• sounding fittings;
• fenders;
• connection system fittings.

The requirements for these will need to be developed based mainly on the expectations for
specific operational practices.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Summary of Phase I Significant Findings

The Phase I developments have provided an ACB module description to a level which
addresses the majority of characteristics to at least a first level.   The following are
identified as the major results of the research together with discussion of their impact on the
development as a whole.

Hydrodynamics and Seakeeping

Several options were reviewed as potential means of attenuating the motions of the
modules, ranging from simple modifications to the hullform to the addition of complex
damping systems.  The addition of moderate amounts of flare or deadrise were found to
have no effect on the motions as was the adoption of an alternate catamaran hullform.  The
fitting of an open truss system or a passive stabilization tank, while offering motion
reductions, were determined to impose significant penalties on other characteristics of the
ACB system.  Only the use of attached perforated plates showed any significant promise.

The specific configuration of attached plates analyzed resulted in a reduction of roll motions
of up to 30%.  Similar reductions of heave motions are assumed to be possible with other
configurations.  If it is determined that a 30% reduction in motions produces any real
advantage in the ability to make safer and quicker connections, then the attached plate
approach should be further developed.

Options for Module Geometries

The conceptualization effort in Phase I identified several potential alternative forms for the
module.  For Phase I these were determined to not warrant deviation from the rectangular
form, which would require a major redirection of effort without sufficient evidence of
advantages.  If these alternatives are of interest to NFESC, the development of one or
more of them could be carried out in parallel to the rectangular module to a level the would
allow for a proper evaluation against real advantages to be gained.

Structure

The structure for the modules has been developed on the basis of conventional barge
construction arrangements and design philosophy, and with a minimal use of high strength
steel.  As part of this development the deck structure has been sized assuming that a
certain amount of dishing, or permanent set, is acceptable.  The analysis predicts, in what
has been determined to be a conservative sense, the amount of dishing that will occur over
time.  If an allowable permanent set criteria is determined not to be reasonable, then a
rearrangement of the deck structure will be required with an associated increase in
structure weight.  As mentioned in the discussion of the structure, the capacity of the
structure to withstand the operational loading is not effected by the presence of a marginal
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amount of dishing in the deck.   The suitability of an allowable permanent set criteria must,
therefore, be determined from an operational standpoint.

The structural analysis has made use of high strength steel on a limited basis for the
heavily loaded deck only.  The use of high strength steel will have a marginal material cost
impact  but little labour cost impact.  The use of high strength steel for all structure will likely
result in further weight savings and should be considered.

Weight

The analysis of the weight of the modules indicates that, with a conventional structural
arrangement, the weight, excluding connection systems, amounts to nearly 90% of the 30
LT weight limit.  This means that only 10% is available for connections systems weights if
the 30 LT limit is to be met.  It is possible that this allowance is insufficient to handle the
connection systems.  If this is the case, options for reduction of module weight need to be
investigated.

The largest portion of the module weight is the structural weight and of this approximately
40% is in the deck structure.  Any options for additional weight savings should consider
means of reducing the deck structure weight, possibly through the use of non-conventional
framing systems or materials.

Stability

The analysis of stability for the system has indicated that, in general, the barge form of the
modules has good stability characteristics.  The damage stability analysis, however,  has
indicated that the 120 foot rigid unit, as configured, has some sensitivity to load positioning,
in that if the 200 LT maximum load is placed one foot off the centerline capsize will occur
under certain damage scenarios.  This effectively places a restrictive limitation on the load
placement to avoid potential problems.  If such a limitation places too great a penalty on
loading operations then alternative subdivision arrangements need to be considered.

Resistance and Powering

Of all the analyses performed as part of the development, the resistance/powering
prediction carries the least reliability.  This is a function of the quality of the data available
as well as a characteristic of barge forms which makes extrapolation of resistance values
for differing proportions  difficult.  For most transportation systems, powering is of critical
importance since it effects operation costs.  If this is true for the ACB system, as it likely is,
then additional effort needs to be expended to improve the prediction.
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Hullform

The analysis of aspects of the ACB mission that effect module hullform indicated that no
advantage is to be gained from deviation from a rectangular cross section.  The only
outstanding issue relates to the rake form of the end module.  The end rake should be
reviewed further from the standpoint of resistance, as discussed above, and the effect on
the structural arrangement.

The beaching module shown in the report is a slight departure from the general
configuration provided at the outset of the Phase I effort, which had an articulating end.
The relative advantages of either configuration requires a more complete review of
operations of beach-end lighterage in transit conditions and for a variety of beach
environments.  The final choice of geometry will then be required to be developed to a level
consistent with the two base modules.

Outfit

The level of outfit provided is based on a first look at the requirements without optimization.
Cargo tie-downs should be reviewed from the standpoint of loading configurations and load
patterns to identify whether the tie-down arrangement is adequate or excessive.

Access fittings have been provided based on minimizing through-deck fittings as a way of
reducing potential leakage.  This arrangement needs to be reviewed, together with the need
for other fittings,  from the standpoint of maintenance, inspection, and other operational
aspects.

The design for the ACB modules as shown on the drawing has not explicitly considered the
connection systems since these are not yet fully defined.  It is clear that the final size and
configuration of the connection systems will have an effect on the module design in areas
such as structural arrangement, deck layout, and to some extent module form.

5.2 Recommendations for Phase II

Based on the results  from Phase I, several areas warrant consideration for further
development.

Review of Other Configurations for Attached Perforated Plates

The hydrodynamic analyses performed under Phase I established the effectiveness of
attached perforated plates in damping the roll motions of the modules. The research also
indicated that other modes of motion could be similarly improved with other configurations
of plates.  To explore this area further would require:
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• model testing to get good data for several configurations of plate attachments including
verification of the already analyzed vertical orientation,

• numerical modeling to review various alternatives.

Evaluation of Other Module Geometries

The conceptualization process identified alternative module geometries that show potential
for addressing specific mission requirements.  These module geometries could be
developed further to a level that would allow for a proper evaluation against real
advantages to be gained.

Investigation of Non-Conventional Deck Structural Systems

This would involve a review of structural systems and material with an aim of providing
weight reductions for the heavily loaded deck.  Non-conventional alternatives would be
reviewed together with analyses of the effects on weight, cost, and construction complexity.

Resistance Characteristics

To further the understanding of the important resistance characteristics of the system
requires a refinement of the data to allow reliable predictions.  This would involve a
comprehensive model test program to derive valid resistance coefficients for the specific
ACB configuration, to optimize the end form, as well as to quantify the effects of multiple
units connected as an assembled lighter.

Review of Alternatives for a Beaching Module

To define an optimum configuration for the beaching module, several alternatives would be
developed and analyzed with respect to operational issues in transit conditions.  The review
would include loading and cargo operations together with the module's effect on the overall
resistance of a lighter to which it would be attached.
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Stability Calculations
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